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ABSTRACT
Context. Matter flows from the central regions of quasars during their active phases are probably responsible for the properties of the
super-massive black holes and that of the bulges of host galaxies. To understand how this mechanism works, we need to characterize
the geometry and the physical state of the accreting matter at cosmological redshifts, when QSO activity is at its peak.
Aims. We aim to use X-ray data to probe the matter inflow at the very center of a quasar at z=3.62. While complex absorption, the
iron K emission line, reflection hump and high-energy cut-off are known to be almost ubiquitous in nearby AGN, only a few distant
objects are known to exhibit some of them.
Methods. The few high quality spectra of distant QSO have been collected by adding sparse pointings of single objects obtained during
X-ray monitoring campaigns. This could have introduced spurious spectral features due to source variability and/or microlensing. To
avoid such problems, we decided to collect a single epoch and high-quality X-ray spectrum of a distant AGN. We thus picked-up the
z=3.62 quasar B1422+231 whose flux, enhanced by gravitationally lensing, is proven to be among the brightest lensed quasars in
X-rays (F2−10keV ∼10−12erg s−1 cm−2).
Results. The X-ray spectrum of B1422+231 is found to be very similar to the one of a typical nearby Seyfert galaxy. Neutral
absorption is clearly detected (NH ∼5×1021 cm−2 at the redshift of the source) while a strong absorption edge is measured at E∼7.5
keV with an optical depth of τ ∼0.14. We also find hints of the FeKα line in emission at E∼6.4 keV line (EW.70 eV) and a hump is
detected in the E∼15-20 keV energy band (rest-frame) in excess of what predicted by a simple absorbed power-law.
Conclusions. The spectrum can be best-modeled with two rather complex models; one assumes the presence of ionized and partially
covering matter along the line of sight while the other is characterized by the presence of a reflection component. We argue that the
reflection seems more plausible here on a statistical basis. In this scenario, the primary emission of B1422+231 is most probably
dominated by the thermal Comptonization of UV seed photons in a corona with kT∼40 keV. We also detected a reflection component
with relative direct-to-reflect normalization r∼1. These findings confirm that gravitational lensing is effective to obtain good quality
X-ray spectral information of quasar at high-z, moreover they support the idea that the same general picture characterizing active
galactic nuclei in the nearby Universe is valid also at high redshift.
Key words. galaxies: active – quasar: individual: B1422+231 –X-rays: individual : B1422+231
1. Introduction
High-energy observations are used to study the geometry and
physical condition of matter in the inner regions of active galac-
tic nuclei (AGN), since X-rays are thought to originate from
close to the central supermassive black hole ((SMBH, see An-
tonucci 1993; Fabian 2000). In nearby Seyfert or radio galaxies,
in fact, absorption due to cold matter along the line of sight im-
prints a low energy cut-off in their X-ray spectra (Smith & Done
1996; Bassani et al. 1999, Cappi et al. 2006, Dadina 2007, 2008).
In addition, most AGN observed with sufficient statistics also re-
veal the presence of a smoothed spectral curvature due to warm
matter below∼4 keV (Piconcelli et al. 2005). X-ray spectra of lo-
cal AGN often display emission features which are diagnostic of
both the geometry of the matter infalling onto the SMBH and the
emission mechanism acting in producing the high-energy emis-
sion itself (Nandra & Pounds, 1994; Smith & Done, 1996; Per-
ola et al. 2002; Cappi et al. 2006; Dadina 2008; Malizia et al.
2014; Fabian et al. 2015). The most prominent of these features
is the iron line at 6.4-6.9 keV. It may appear shifted in energy
and skewed by relativistic effects whose strength depends on the
vicinity of the line production region to the SMBH (Tanaka et
al. 1995; see, Fabian et al. 2000 for a review on the topic). In
addition, a hump due to the reflection of the primary emission
by the matter surrounding the SMBH (Lightman & White 1988;
Guilbert & Rees 1988) is usually seen at E∼20-40 keV (Per-
ola et al. 2002; Dadina 2008). Broad band (0.1-200 keV) X-ray
observations of nearby AGN allowed also to measure the pres-
ence of a high-energy cutoff EC at E∼70-200 keV (Perola et al.
2002; Dadina 2008; Malizia et al. 2014; Fabian et al. 2015). This
feature is expected in the so called “two-phase models” for the
production of the high-energy photons in radio-quiet AGN. In
this scenario, optical-UV seed photons coming from the accre-
tion disk are Comptonized into the X-ray band by the electrons
forming a hot corona that sandwiches the accretion disk itself.
The electrons have a thermal energy distribution and the shape
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of the emerging X-ray spectrum displays a high-energy cut-off at
Ecut−o f f ∼2×kTe− (Haardt & Maraschi 1993; Haardt, Maraschi
& Ghisellini 1994; Petrucci et al. 2001).
At intermediate (z≥0.1) and high (z≥1) redshift, X-ray spec-
tra of QSO often display only absorption and/or FeKα line in
emission (Vignali et al. 2006), the latter being sometimes asso-
ciated with Compton-thick absorbers (Vignali et al. 2010, 2014).
In the framework of unified models (UM) for AGN (Antonucci
1993), at least at the zero-th order, the only differences between
low- and high-z AGN should be due to cosmological evolution
of the environment in which the SMBHs are embedded. Some
confirmation of this picture have been effectively obtained. No
strong evidence of evolution of the intrinsic X-ray properties
of QSO with redshift has been observed (Vignali et al. 2005,
but see Saez et al. 2008 for a suggested limited evolution of the
photon index with z while the measurement of a different evo-
lution between absorbed and non-absorbed sources (Aird et al.
2015) seems to indicate that the circumnuclear environment may
evolve, as expected, with z. Similarly, the presence of a strong
correlation between the X-ray photon index and the Eddington
luminosity of quasars (Lu & Yu 1999, Shemmer et al. 2006,
2008; Risaliti, Young & Elvis 2009; Fanali et al. 2013; Bright-
man et al. 2013) has been explained in the framework of the
two-phase model for the production of X-rays (Pounds, Done &
Osborne 1995) thus indicating that it acts both in the nearby and
distant Universe. Furthermore, there have been recent claims that
reflected and relativistically blurred components are also present
in the X-ray spectra of some high-z (z≥2) and lensed QSO af-
ter stacking many and sparse X-ray observations of each sources
(Reis et al. 2014; Reynolds et al. 2014; Walton et al. 2015, but
see also Chartas et al. 2007, Chartas et al. 2016). Moreover, tran-
sient and variable absorption iron lines linked to hot and fast out-
flowing gas (ultra fast outflows, aka UFO) and with quite similar
characteristics were observed in the rest frame 7-10 keV spectra
of both nearby Seyferts (Pounds et al. 2003; Dadina et al. 2005;
Tombesi et al 2010a, 2010b; Gofford et al. 2013) and in an hand-
ful of bright/distant (z≥1) QSO (Chartas et al. 2002, 2003, 2007,
2014; Lanzuisi et al. 2012; Vignali et al. 2015).
The above mentioned evidences are consistent with the idea
that the emission mechanism does not dramatically change over
cosmic time, while some evolution with redshift may be present
for the properties of the matter flows around SMBH. High
signal-to-noise X-ray spectra are fundamental to fully charac-
terize the environment in the central engines of AGN at high-
redshift and how they evolve throughout cosmological time.
Since we measure a tight correlation between the mass of the
galaxies bulges and the mass of their central SMBH (Kormendy
& Richstone, 1995; Magorrian et al. 1998; Ferrarese & Merritt,
2000; Merritt & Ferrarese, 2001; Marconi et al. 2004), we now
know that a feedback mechanism must be at work. However, to
fully understand how this works, we must constrain the physical
conditions of the objects in epochs where both QSO and star-
burst activity were at their highest (Boyle et al. 1988; Madau et
al. 1996; Brandt & Hasinger 2005 and references therein). For
example, the measurement and characterization of UFO at high-
z is of crucial importance to understand when and how the feed-
back mechanism between the SMBH and the host galaxy bulges
has set-up and how it has evolved along cosmic time.
The spectroscopic X-ray studies that allowed the detection
of UFO and relativistically blurred features of the most dis-
tant objects mentioned above, took advantage of the fact that
all the studied QSO, except for HS 1700+6416 and PID352
(Lanzuisi et al. 2012; Vignali et al 2015), are lensed. Thus they
display magnified emission and this allows the collection of X-
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Fig. 1. Data-to-model ratio expressed in terms of standard deviations
once the X-ray data are fit with a simple power-law model absorbed by
the Galactic column of NH=3.2×1020 cm−2 (Kalberla et al. 2005). Data
have been rebinned so as to have 20σ significance points for clarity
purposes. EPIC-pn data points are in black, while MOS1 and MOS2
data points are in red and green respectively.
ray spectra of higher signal-to-noise (S/N). While waiting for the
next generation of large collecting area X-ray telescopes such
as Athena (Nandra et al. 2013), the usage of “cosmic lenses”
may play a crucial role to extend at high redshift studies that are
up to now limited to the nearby Universe. We present here the
first high-quality X-ray spectrum, obtained with a single XMM-
Newton observation of B1422+231, of a lensed and radio-loud
(RL ∼300, but see section 3.1 for a discussion on this point)
QSO at z=3.62 (Patnaik et al. 1992; Misawa et al. 2007). Its
four images are all within ∼5”, thus the source is “point-like”
for XMM-Newton, and the magnification factor has been esti-
mated to be between µ ∼15-76 (Kormann et al. 1994; Chiba
2002; Raychaudhury et al. 2003; Assef et al. 2011). For this work
we assume a magnification factor of µ ∼15-20, a range of values
that is common for the majority of the works presented above.
A broad Hβ emission line has been observed in its optical spec-
trum and the mass of the central SMBH has been estimated to be
∼ 5 × 109M⊙ using single epoch CIV measurements (Greene et
al. 2010) and later confirmed using also other optical lines (As-
sef et al. 2011). The X-ray spectrum of the source was previously
presented in Misawa et al (2008) that analyzed poor quality spec-
tra obtained with Chandra and XMM-Newton1. In these low S/N
spectra, B1422+231 displayed rather typical and almost feature-
less X-ray spectra with a photon index Γ ∼1.6, with only hints
of absorption (NH ≤1022 cm−2) at low energies and an observed
and integrated flux of F2−10keV ∼9×10−13 erg s−1 cm−2.
2. Data reduction and analysis
XMM-Newton pointed at B1422+231 on July 31, 2014. The
data reduction has been performed using the package SAS-14.
The high background periods have been cleaned by excluding
the first 2 ks of the pointing, so as to eliminate the first high
peak of soft protons and then applying a filter on the count-rate
(0.65 and 0.2 c/s for pn e MOS respectively). After this filter-
1 Chandra pointed the source three times collecting 426, 244 and 762
counts respectively. XMM-Newton observed the source for ∼5 ks only
and the source fell on a EPIC-pn chip gap precluding the use the pn
data. The two EPIC-MOS collected ∼195 counts each (Misawa et al.
2008).
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Table 1. Phenomenological models: Column 1: Model number; Column
2: absorbing column in excess of the Galactic value; Column 3: photon
index; Column 4: energy centroid of the emission Gaussian line (Eedge
in the lower row of model #3); Column 5: Line width (1σ) (τedge in the
lower row of model #3 ; Column 6: Line equivalent width; Column 7:
χ2/degrees of freedom.
NH Γ EFeKα σFeKα EWFeKα χ2/d.o.f.
(Eedge) (τedge)
1021cm−2 keV (keV) eV eV
1 1.61+0.02
−0.02 1282/1189
2 3.42+1.12
−1.11 1.66
+0.02
−0.02 6.35
+0.18
−0.22 ≤0.48 62
+48
−34 1256/1185
3 2.37+0.10
−0.10 1.65
+0.02
−0.02 6.38
+0.13
−0.20 ≤0.38 ≤69 1228/1183
(7.48+0.20
−0.23) (0.14+0.04−0.04)
ing, we obtained a net exposure of ∼65, 74.2 and 64.3 ks with
pn, MOS1 and MOS2 respectively. Source counts have been ex-
tracted from circular regions with radii of 30 and 40 arcsec for
pn and MOS detectors respectively allowing to collect 25.8, 8.2
and 7.8 k-counts with pn, MOS1 and MOS2 respectively. Back-
ground counts were extracted from source free circular regions
larger than that centered on the source but in the same chip of
the source.
No variability has been detected at more than 75-80% signifi-
cance level and the observed average flux is F2−10keV ∼ 10−12 erg
s−1 cm−2 once the data are fitted with a power-law absorbed by
the Galactic column density (model #1 in Table 1). This yields
an observed integrated luminosity L2−10keV ∼6×1046 erg s−1 (we
use H0=70 km s−1 Mpc−1,ΩM=0.286 andΩλ=0.714). Errors are
reported at 90% confidence level in table #1 and throughout the
paper.
The spectral analysis of the source has been performed aver-
aging the data over the entire good time exposure and grouping
the data so as to have 20 counts in each spectral bin. As a sanity
check, however, all the results presented below have been tested
also using data collected only in the first, middle and last third
of the observation and no differences were found. This has been
done to detect, if any, evidences of time-dependent spectral vari-
ations that, in principle, could be related to either the intrinsic
source’s variability or the “microlensing” phenomenon (Paczyn-
ski 1986; Wambsganss 1990).
In Fig. 1 the data-to-model ratio expressed in terms of stan-
dard deviations is shown (rest-frame energy). The data are fitted
using the model #1 of table 1 which consists of a simple power
law absorbed (phabs model in Xspec) by Galactic column den-
sity (NH=3.2×1020 cm−2, Kalberla et al. 2005). The X-ray spec-
trum of the source clearly displays three main features: 1) a low
energy cut-off due to an absorption component in excess of the
Galactic one; 2) a dip in counts at E∼7-8 keV plus the possible
presence of a feature in emission at E∼6.5 keV; 3) an excess-
hump at E∼15-30 keV.
To perform phenomenological tests on the presence of these
features we first added an in-situ (z=3.62) extra-column in ab-
sorption and a Gaussian line in emission (model #2 in Table
1), since they are known to be common in the X-ray spectra of
AGN (Nandra & Pounds 1994; Smith & Done 1996; Vignali et
al. 2006). We obtained a ∆χ2 ∼15 for a single parameter of in-
terest when a cold absorber is added to model #1 of Table 1 and
∆χ2 ∼9 for three parameters of interest for the Gaussian line in
emission. Moreover, to test the significance of the count drops
at E∼7.5-8 keV, we used an absorption edge (model #3 in Table
1). Overall we obtain that the simultaneous detection of an in-
trinsic absorber and of an edge is significant at more than 99%2
confidence level (∆χ2 ∼28 with respect to model #2 of Table 1,
see also the upper panels of Fig.2) while the strength of the de-
tection of a Gaussian line in emission depends on the presence
of the absorption edge in the underlying model: the line in emis-
sion is detected at high significance when the dip of counts at
∼7.5 keV is not modeled (model #2 in Table 1) but it is detected
at only ∼97% confidence level when the absorption edge is mod-
eled (see lower-left panel in Fig. 2 and the parameters of model
#3 in Table 1). In any case, if the width of the line is left free to
vary, we obtain that it is consistent with being narrow.
The parameters obtained with this simple and phenomeno-
logical modeling of the data are well in agreement with what
previously presented by Misawa et al. (2008) who analyzed X-
ray spectra with few hundreds of counts. In particular, the high-
energy continuum is recorded to be rather flat (Γ ∼1.6) and ab-
sorbed by a column density of cold matter with NH∼2.4×1021
cm−2. Both these values are well within the range and upper lim-
its previously reported (Misawa et al. 2008). It is worth consider-
ing, however, that all these features are unable to account for the
hump at energies higher than 10 keV (lower-right panel of Fig.
2) and this indicates that more complex modeling of the data is
needed.
Finally, to further test the possible presence of the above
mentioned spectral features, we analyzed the RGS data using
standard techinques. The main goal was to test the intrinsic width
of the emission line. However, we obtained a poor quality RGS
spectrum (we obtained ∼5000 source plus background counts,
only ∼20% of which due to the source) that is plotted in Fig.
3. Using model #1 in table 1 as undelying continuum, we thus
checked that the intensity of emissione line and the optical depth
of the absorption edge are consistent with what obtained with
EPIC instruments. No further constraints on the parameters of
the emission line are obtained.
2.1. A complex absorbing system?
To simultaneously model the detected features we first assumed
an absorption dominated scenario. The absorption edge mea-
sured at E∼7.5 keV, in fact, may indicate that the primary emis-
sion of B1422+231 intercepts along the line of sight some
cold/ionized matter that only partially covers the central engine
of the source. This would introduce an underestimate of the to-
tal absorber and, thus, the appearance in the data of the spurius
edge at E ≥7.1 keV. To study this scenario, we used the zxipcf
model (Reeves et al. 2008) within Xspec which is able to well
reproduce the data (see left panel of Fig. 4 and the upper panel
of Table 2) once it is combined to cold absorber (see table 2).
We also used pre-compiled Xstar tables, namely mtab1e 8, 21,
22 and 25 (each obtained using a ionizing flux with power-law
spectra with Γ=2, i.e. similar to what obtained here in the ion-
ized absorption scenario) that have turbulence velocities from
100 to 3000 km/s and cover large ranges of absorbing columns
(NH ∼1020−24 cm−2). We tested both partial and complete ab-
sorption scenarios never obtaining spectral fits with χ2 values
better than those obtained with zxipcf.
2 The intervals of confidence reported here are calculated using the
F-test which is known to be inaccurate and, in particular, slightly op-
timistic (Protassov et al. 2002). Here we use the F-test probabilities as
mere indications of the strength of the putative spectral features.
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Fig. 2. 99, 90 and 68% confidence contours plots obtained using a model composed of a primary power-law absorbed by a cold column and by an
edge at E∼7.5 keV plus a Gaussian in emission (model #3 in Table 1). From left to right: (upper-left panel) photo-index Γ vs absorbing column
density (NH in units of 1022); (upper-right panel) optical depth of the edge (τ) vs. its energy centroid; (lower-left panel) Gaussian emission line
normalization vs. its Energy. In this case only 90 and 68% confidence contours are presented since the emission Gaussian line is detected with
∼97% confidence in this model and the 99% confidence contour gives only an upper limit; (lower-right panel) data-to-model ratio expressed in
term of standard deviations. Binning and colors as in figure 1.
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Fig. 3. Rest frame data-to-model ratio expressed in terms of standard
deviations once the RGS data are fit with model #1 of table 1. Data
have been rebinned so as to have 20 source plus cunts per energy bin.
RGS1 and RGS2 datapoints are in black and red respectively.
The FeKα (EFeKα ∼6.4 keV) line is only marginally detected
in this case with a 90% upper limit of EW.70 eV (rest-frame).
This value is well in agreement with what is expected if the line
is produced in the cold absorber itself (EW∼30 eV, Makishima
1986; Leahy & Creighton, 1993). It is also consistent with what
is measured for the broad component of the FeKα line in nearby
type I AGN (EW∼75 eV, de La Calle Pérez et al. 2010) or nearby
radio-galaxies (Grandi & Palumbo 2004, 2007). Nonetheless, it
is slightly lower than what is expected if the presence of a stan-
dard accretion disk in the inner core of B1422+231 is assumed
(EW∼100-120 eV for type I AGN, Matt, Perola & Piro, 1991).
The edge and the hump at energies above 10 keV are here ac-
counted for by the presence of the partially covering and warm
component with high column density (NH ∼1024 cm−2, Log(ξ
erg s−1 cm)∼2 and C f ∼0.4). In the left panel of Fig. 4 the data-
to-model ratio expressed in terms of standard deviation as a func-
tion of rest-frame energy are presented. Some features may still
be present at E∼15 keV (rest frame). It is worth noting, however
that in the observed frame this corresponds to E∼2-3 keV, i.e.
an energy band where instrumental absorption edges could well
be important3 (but see the end of sect. 2.2 for a more detailed
discussion on this topic).
3 see XMM-Newton Users’ Handbook at http://xmm.esac.esa.int
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Table 2. Best fit models
Complex absorber model: Column 1: Model name; Column 2: absorbing column in excess to the Galactic value; Column 3: photon index;
Column 4: column density of the warm absorber; Column 5: covering factor of the warm absorber; Column 6: ionization parameter of the warm
absorber; Column 8: energy of the Gaussian line in emission (rest frame); Column 8: width of the Gaussian line in emission (rest frame); Column
9: equivalent width of the Gaussian line in emission (rest frame); Column 10: χ2/degrees of freedom.
Complex absorber NH,cold Γ NH,warm C f Log(ξa) EFeKα σFeKα EWFeKα χ2/d.o.f.
1021cm−2 1021cm−2 keV keV eV
8.84+2.16
−2.15 1.95+0.09−0.09 961+11−12 0.43+0.08−0.09 2.00+0.21−0.58 6.36+0.36−0.32 ≤822 38+30−30 1207/1182
a ξ expressed in erg s−1 cm
Reflection model: Column 1: Model name; Column 2: absorbing column in excess to the Galactic value; Column 3: photon index; Column 4:
High-energy cut-off (rest frame); Column 5: relative reflected-to-direct emission normalization; Column 6: inclination angle; Column 7:
χ2/degrees of freedom.
Reflection dominated NH Γ Ecut−o f f r θ χ2/d.o.f.
1021cm−2 keV degrees
4.57+1.79
−1.73 1.81+0.08−0.07 80+34−19 1.10+0.31−0.31 45 f ixed 1207/1186
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Fig. 4. Data-to-model ratios in terms of standard deviations when the data are fitted by a complex absorption a reflection (left panel) and a reflection
model (right panel). Binning and colors as in Figure 1.
2.2. Is a reflection component present?
Both the ∼7.5 keV edge and the ∼15-20 keV hump could be
due to the presence in the X-ray spectrum of B1422+231 of a
reflection component. To test its presence we used the Pexmon
model in Xspec (Nandra et al. 2007) which consistently models
the continuum hump at energies above 10 keV and the associ-
ated emission lines4. Given the limited statistics available, we
fixed some of the variables of the model: the inclination angle of
the reflecting system with respect to the line of sight was fixed
4 See also Murphy & Yaqoob 2009 for a discussion on the possible
underestimation of the reflection component once assuming slab ge-
ometries, as done in pexmon, for the reflector
to Θ=45◦ and the abundance of all elements were set equal to
solar (once left free to vary, the inclination angle was statisti-
cally unconstrained, while the abundance was found to be larger
than ∼0.3 solar at 90% confidence level with a ∆χ2 ∼0.5 for
one more parameter of interest and for a best value Abund∼0.95
solar). As reported in the lower panel of table 2, this model pro-
vides an excellent fit of the data (see also right panel of Fig. 4).
As often observed in nearby Seyfert galaxies and radio galax-
ies, after the addition of the reflection component, the slope of
the primary power-law steepens reaching values (Γ ∼1.8) com-
monly observed in the nearby Universe (Dadina 2008, Cappi
et al. 2006) and perfectly consistent with what is predicted in
the two-phase scenario (Haardt, Maraschi & Ghisellini, 1997).
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Fig. 6. Confidence contours of the normalization of a Gaussian line in
absorption vs its energy centroid. The baseline model is here the reflec-
tion dominated one presented in the lower panel of table 2. The inclu-
sion of the absorption line yields to ∆χ2 ∼2.5 for two more parameters
of interest. The line width has been fixed to σ=10 eV.
Moreover, taking advantage of the large redshift of B1422-231,
we are able to measure a high-energy cut-off (Ec ∼80 keV, see
Table 2 and left panel of Fig. 5). The reflection component is
measured at a good significance level (right panel of Fig. 5), and
the relative intensity of the reflected component with respect to
the direct continuum is r∼1, i.e. consistent with a 2pi coverage
of the reflector. We also tested the hypothesis of relativistically
blurred reflection by smearing the Pexmon component with a
relativistic kernel (namely kdblur in Xspec) but the data did not
statistically require the addition of such effect.
As for the case of complex absorber, some residuals remain
at ∼15 keV even in the reflection scenario (see right panel of
Fig. 4). We first tried to test its statistical importance. Since the
residuals in the reflection scenario seem more peaked than in
the complex absorption case, we first added a broad Gaussian in
emission and found that the fit improvement is poor (∆χ2 ∼ 4
for three more parameters of interest). This indicates that the ad-
dition of such feature is not, statistically speaking, required by
the data. The energy of the line, moreover, is found to be E∼2.7
keV (observed frame) and this suggests that at least part of the
residuals may be due to problems of calibrations around the AU
M edge due to the mirror coating (E∼2.5 keV). On more robust
physical basis, we also tested the addition of another reflection
component due, for example, to the contribution of the putative
torus and/or accretion disk, without finding any significant im-
provement in the fit. If we check for the ionization state of reflec-
tor using XILLVER model in Xspec (García et al. 2014) we find
that the ionization parameter is consistent with zero and lower
than Log(ξ erg s−1 cm)≤2.2. We finally stress here that some
sort of “spectral noise” may be also introduced by the fact that
we are observing a quadruple lensed object. This means that the
light paths of the four images may be different and for this rea-
son each of the four images may show slightly different X-ray
spectra.
2.3. Searching for hints of outflowing matter
We also tested, both in the absorption and reflection scenarios the
possible presence of out-flowing matter that could be responsi-
ble for blue-shifted absorption at energies close to that of the ab-
sorption edge. Following Tombesi et al. (2010) and Chartas et al.
(2003) we first modeled this component with a simple Gaussian
in absorption. The method consists in performing a blind search
over the entire X-ray spectrum of a narrow absorption Gaussian
line and then checking their statistical strength by performing
Monte-Carlo simulations. The simulations always found that the
significance of the absorption lines is slightly lower than that
calculated with the F-test (Tombesi et al. 2010). Here we adopt a
simplified version of this procedure, without Monte-Carlo sim-
ulations, since we found that the feature is, statistically speak-
ing, not required by the data (see Fig. 6). We had a similar result
adopting a P-Cygni profile to simultaneously model the emission
line and the absorption edge as recently observed in PDS 456
(Nardini et al. 2015). In this case we used the model by Done
et al. (2007). This component, when added to the simply ab-
sorbed power-law is not able to model all the spectral complex-
ity observed between 6-8 keV (rest-frame) while, when added
in the complex absorption and reflection scenario, it does not al-
low to significantly improve the modeling of the data (∆χ2 . 2.5
for three more parameters of interest when the P-Cygni profile
model is added to the complex absorber scenario).
3. Discussion
In this paper we presented the complex X-ray spectrum of the
distant (z=3.62) and lensed QSO B1422+231. The magnification
factor µ ∼15-20 (Kormann et al. 1994, Assef et al. 2011) and the
long XMM-Newton pointing allowed us to obtain a very high
quality X-ray spectrum considering the distance of the target
(DL=32.2 Gpc). The XMM-Newton pointing, in fact, allowed
to collect in a single observation ∼40 kcounts (considering the
three EPIC instruments on board XMM-Newton) in the 0.3-10
keV (observer frame) energy range. This is one of the best sin-
gle epoch X-ray spectrum of high-z QSO ever obtained. To our
knowledge, the only observations of high redshift QSO of com-
parable quality are those obtained with XMM-Newton for the
lensed QSO APM 08279+5255 (z=3.92, see Saez & Chartas
2011 for a list of X-ray observations of the source) with ∼16.5
kcounts for their deepest XMM-Newton observation.
The integrated X-ray flux recorded during the XMM-Newton
pointing presented here is F2−10keV ∼10−12 erg s−1 cm−2 that cor-
responds to an unobscured luminosity of L2−10keV ∼7.3×1046
erg/s. The source, however, is known to be magnified by a fac-
tor µ ∼15-20 (Kormann et al. 1994; Assef et al. 2011). We can
thus estimate the intrinsic luminosity to be L2−10keV ∼5×1045
erg s−1 which translates to Lbol ∼4.5-9.4×1046 erg s−1 once the
bolometric correction (kbol ranges between ∼ 9-15 depending
on the spectral index which, here, is found to range between
Γ ∼ 1.65 − 1.95 depending on the modeling of the data, March-
ese et al. 2012) is also taken into account. This implies that the
source is apparently emitting at ∼7-15% of its Eddington lumi-
nosity (LEdd ∼6.5×1047 erg s−1). The measured 2-10 keV lumi-
nosity is rather typical of what is measured for lensed objects
(Misawa et al. 2008) and it is also comparable to what is mea-
sured for a sample of radio quiet QSOs observed with XMM-
Newton (L2−10keV ∼0.4-7×1046ergs−1, Page et al. 2005) at red-
shift between z∼2-4 and it is at the lowest end of the range of
luminosities measured for radio loud objects (L2−10keV ∼0.5-
70×1046ergs−1, Page et al. 2005), suggesting that the source
brightness is not experiencing, in X-rays, extreme boosting ef-
fects.
The spectral analysis of the X-ray data clearly demonstrates
that the spectrum of B1422+231 is complex and shows some
highly significant features such as a low-energy cut-off due to
absorption, a deep dim of counts at E∼7-7.5 keV (rest-frame)
and a “hump” at E∼ 20-30 keV plus a low energy cut-off. We
also have indications of the presence of an iron emission line at
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Fig. 5. Confidence contours of the high-energy cut-off vs. photon index (left panel) and relative normalization of the reflected component vs photon
index (right panel) as measured when the X-ray data of B1422+231 are modeled using Pexmon (Nandra et al. 2007).
E∼6.4 keV. All these evidences point towards the possible pres-
ence of a partial coverer (complex absorption scenario) and/or a
reflection component (reflection scenario), i.e. towards the fact
that we are observing a “Seyfert-like” X-ray spectrum. This sce-
nario is further suggested by the detection of absorption in X-
rays due to intervening matter as observed in nearby Seyferts.
This component is apparently at odd with what predicted by
the unified models of AGN (Antonucci 1993) when consider-
ing the presence of broad emission lines in the optical spectrum
of B1422+231, and thus its "type I" nature is taken into account.
It is worth considering, however, that also in the local Universe it
is not unusual to observe type I Seyferts absorbed in X-rays (see
for example the cases of NGC 4151 and of NGC 4051, Warwick
et al. 1993 and Ponti et al. 2006 respectively). In recent years,
moreover, long term monitoring of sources displaying character-
istics of type I objects from optical-UV to X-rays for decades,
may suddenly change their X-ray properties to that typical of
type II objects, and maintain them for years (see for example the
cases of H0557-385 and NGC 5548, Coffey et al. 2014; Kaastra
et al. 2014).
The complex X-ray spectrum of B1422+231, moreover,
seems to be in contrast with the fact that the source has been
defined to be radio-loud (Misawa et al. 2008) and, thus, a strong
or even dominant jet component producing an almost featureless
spectrum may be expected also in X-rays. We thus investigated
the radio-loudness of B1422+231 using the parameter defined
by Kellermann et al. (1989), R= f5 GHz/ f4400 Å, where the optical
wavelength and the radio frequency are in the source rest frame.
Typical radio-loudness values are > 100 for radio-loud quasars
and < 10 for radio-quiet quasars. The rest-frame 5 GHz flux
density was computed from the 1.4 GHz flux density value of
352 mJy reported by Tinti et al. (2005), extrapolated to 5 GHz
rest frame assuming a radio power-law slope of α = 0.9 as re-
ported in Orienti et al. (2007), where S ν ∝ ν−α. The rest-frame
4400 Å flux density was computed by adopting the composite
quasar spectrum presented in Vanden Berk et al. (2001) to con-
vert the broadband Sloan Digital Sky Survey (SDSS) ugriz mea-
surements to the flux density at the rest wavelength of 4400Å
(see §2.2 of Vignali, Brandt and Schneider 2003 for further de-
tails). We obtain R ≈ 90, which indicates that B1422+231 is
only moderately radio loud.
On the other side, the rather-steep radio continuum measured
by Orienti et al. (2007) with the VLA (α ∼0.9) could indicate
that the source is highly inclined in the plane of the sky. In this
case the radio emission should be dominated by the lobes and
not by the jet which is not pointing toward us, thus reconciling
the radio- and X-ray properties of the target. Nonetheless VLBI
imaging of B1422+231 does not allow the detection of any ex-
tended structures at more they ∼1-2 milliarcsec (Dallacasa, pri-
vate communication). This means that the physical dimensions
of the radio-source should be smaller than ∼10-20 kpc at the red-
shift of the source. We cannot probe to small enough scales to
show that B1422+231 has intrinsic small radio-emitting regions
such as those found in CoreG or FR0 sources (Baldi, Capetti
& Giovannini 2015) since the angular resolution of the VLBI is
at the limit of the typical dimension of such sources. CoreG ra-
dio emitting regions have typical dimensions.10-20 kpc and we
should be able to probe even smaller angular scales to exclude
extended emission on the scales of the order ∼1-3 kpc that are
typical of FR0 (Baldi, Capetti & Giovannini 2015). Overall, the
radio properties of B1422+231 prevent to firmly assess of the
nature of the source. While the polarization in the radio-band
and the radio flux variability, even if very small, may suggest the
blazar nature of the source, the steady radio spectral shape and
the low polarization at low frequencies point toward the fact that
B1422+231 may be a genuinely young radio source (Orienti et
al. 2007, Orienti & Dallacasa 2008). To this evidence, we add
the fact that, as most probably happens in the optical, also the X-
ray band is dominated by the emission due to a disk component
thus implying that the jet is not dominating at all frequencies.
We finally note that also 4C74.26 the closest powerful radio-
loud quasar displays a “Seyfert-like” X-ray spectrum (Grandi et
al. 2006; Fukazawa et al. 2011).
3.1. The two best-fit scenarios
As mentioned above, the X-ray spectrum of B1422+231 is
strongly characterized by the presence of features similar to
those commonly observed in nearby Seyfert galaxies and possi-
bly indicating that the primary emission is affected by complex
absorption and/or reflection.
In the complex absorption scenario, we obtain that the pri-
mary engine is absorbed by a cold absorber with a column den-
sity of NH ∼1022 cm−2 which completely covers the region were
the X-ray photons originate plus a ionized (ξ ∼100 erg s−1 cm
and NH ∼1024 cm−2) partial coverer that hides only ∼40% of this
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region (C f ∼0.4). Adopting this model, we obtain that the puta-
tive FeKα line is not detected at 99% confidence level (EW.70
eV at 90% confidence) but its strength is still consistent with
what is expected for the observed absorbing column (Makishima
1986; Leahy & Creighton, 1993; Matt, Perola & Piro, 1991). The
partial covering of the central engine suggests that in the core
of B1422+231 there are intervening clouds that are able to par-
tially block the line of sight. This is similar to what is observed
in nearby AGNs. In some Seyfert galaxies, clouds, probably the
same forming the broad line regions, have been observed while
crossing the line of sight and producing eclipses (Risaliti et al.
2007). Similarly, in other objects, the changes of absorbing col-
umn have been associated to outflowing clouds (Coffey et al.
2014; Kaastra et al. 2014; Arav et al. 2015). The changes in the
absorption properties are thought to be responsible for at least
part of the well known AGN variability seen in X-rays (see for
example the case of NGC 1365, Risaliti et al. 2005, 2009; see
also Miller et al. 2008, 2010, Markowitz et al. 2014). In this sce-
nario, assuming that the density of these clouds are typical for
the broad line regions BLR (n∼109 cm−3) and taking the lumi-
nosity of the source obtained above (∼5×1046 erg s−1), it turns
out that they are at d∼7×1017 cm, corresponding to ∼5000rg or
∼0.1pc from the source of X-ray photons, i.e. at a distance that
is only ∼half of the expected average distance of the BLR for
a QSO of the given Lbol (in accordance to what found for the
eclipsing cloud in NGC 1365 d∼100rg, Risaliti et al., 2007). An
even looser limit is obtained following Tarter et al. (1969), under
the assumption that dmax .Lion/ξNH . If Lion=L2−10keV , we obtain
the dmax ∼4×1018 cm, i.e. one order of magnitude larger than
what was obtained before. In both cases, the values obtained are
in good agreement with results obtained by Tombesi et al (2012)
in constraining the production region of UFOs detected in nearby
AGN and by Markowitz et al. (2014) in constraining the dis-
tance of the clouds forming the torus. It is worth considering,
however, that in this picture eclipsing episodes are responsible
for the different observed X-ray flux states at which the sources
are detected and that these episodes are generally related to cold
clouds (Risaliti et al. 2007; Markowitz 2014; Coffey et al. 2014;
Kaastra et al. 2015). Using archival data, we are unable to de-
tect any variations of the absorbing column density. Moreover,
the X-ray flux of B1422+231 observed during the 2014 observa-
tion is not significantly different from what previously measured,
i.e. no long term variability has been detected. We also failed to
detect significant short-term variability and no dominating flux
dip is measured thus leaving us without indications of eclips-
ing episodes. It is worth considering, however, that the detection
of strong variability, especially the short-time scale one, is here
disfavored by both redshift of the source and by the mass of its
SMBH (MS MBH ∼ 5×109M⊙, Greene et al. 2010).
Under the reflection scenario we obtained a value of χ2 al-
most identical to the one obtained with the complex absorption
model but with a lower number of free parameters (see Table
2). The spectral index, once the spectral complexities have been
taken into account with Pexmon, is found to be steep (Γ ∼1.8)
and in agreement with what on average measured in the AGN in
the nearby Universe (Perola et al. 2002; Cappi et al. 2006; Dad-
ina 2008). This value is well within the range of photon index
predicted for Seyfert galaxies (Haardt et al. 1994) and observed
in QSO at intermediate and high redshift for objects with Ed-
dington luminosity similar to that of B1422+231 (Brigthman et
al. 2013). Most interestingly, the adoption of the Pexmon model
(Nandra et al. 2007) allows us to consistently fit the hump due
to the reflection of the primary continuum onto the matter sur-
rounding the central engine and the associated emission lines. In
this framework, taking advantage of the source redshift and of
the XMM-Newton sensitivity, we are able to measure both the
high-energy cut-off (Ec ∼80 keV) and the normalization between
the primary emission and the reflected component (r∼1) that in-
dicates that the reflecting matter covers ∼50% of the sky as seen
by the source of X-ray photons. These values are well within the
range measured in nearby Seyferts (Perola et al. 2002; Dadina
2008). To our knowledge, this is the first AGN for which we are
able to perform such measurements at z≥3 (but see Lanzuisi et
al. 2016 for the possible detection of such features in the X-ray
spectrum of a z∼2 QSO). This allows us to probe the geometry of
the accreting matter around a SMBH at ages when the QSOs ac-
tivity was at its peak, thus possibly opening new opportunities to
test the SMBH-galaxy feedback and formation models (King &
Pounds 2015 and references therein). The detection of the high-
energy cut-off, moreover, allows us to infer the temperature of
the putative Comptonizing corona (kT∼ Ecut−o f f2 ) and its optical
depth that, following eq.1 in Petrucci et al. (2001) is τ ∼0.3
for B1422+231. It is worth noting, however, that the kT values
derived from Pexmon, that is derived from Pexrav (Magdziarz
& Zdziarski 1995) must be considered to be, in general, under-
estimated and τ over-estimated. This is because of the spherical
and isotropic geometry assumed in this model. A more realistic
slab and anisotropic geometry of Comptonization model should
drive towards different values of Ec and τ and the value presented
above must be taken with cautions.
4. Summary and conclusions
We can summarize our findings as follow: 1) the coupling of the
magnification factor due to gravitational lensing and the sensitiv-
ity of XMM-Newton allowed us to obtain a very high-quality X-
ray spectrum of a QSO at z=3.62. This technique is thus proved
to be useful to directly probe the physical properties of the matter
surrounding the SMBH at high redshift, i.e. at the peak of both
QSO and starburst activities; 2) the source X-ray spectrum is
certainly complex displaying strong and highly significant signa-
tures of both emission and absorption components; 3) the spec-
trum is equally well fitted by either a complex absorption model
and a reflection model.
Even if we have no firm indication of which of the two best-
fit models proposed here is the right one, we favor the reflection
dominated interpretation because a) we do not detect any hint of
variability both on short and long time scale so that the presence
of passing and partially absorbing clouds seems to be disfavored
and b) the reflection model is better on a pure statistical basis
allowing to obtain a good modeling of the data with fewer pa-
rameters. In this scenario, we stress that we have been able to
measure the strength of the reflection component (r∼1) and the
temperature of the Comptonizing corona inferring that the ge-
ometry and the physical state of the matter around the SMBH
hosted in the z=3.62 B1422+231 QSO are similar to what mea-
sured in nearby Seyfert galaxies.
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